Sigma-ligands comprise several chemically unrelated drugs such as haloperidol, pentazocine, and ditolylguanidine, which bind to a family of low molecular mass proteins in the endoplasmic reticulum. 
We purified the sigma,-binding site as a single 30- shared homology with fungal proteins involved in sterol synthesis. Northern blots showed high densities of the sigma1-binding site mRNA in sterol-producing tissues. This is also in agreement with the known ability of sigma,-binding sites to interact with steroids, such as progesterone.
The concept of sigma-receptors was introduced by W. R. Martin and coworkers (1, 2) , who differentiated the unique psychomimetic effects of norallylmetazocine (SKF10,047) (sigma-syndrome) from the effects of morphine (,u-syndrome) and ketocyclazocine (K-syndrome) (3) . This concept changed gradually, and at present sigma-receptors are defined by their ability to bind several chemically unrelated drugs with high affinity (4, 5) . Two different sigma-binding site subtypes (subtypes 1 and 2) have been proposed based on differences in their drug-binding profile (6) . Endogenous sigma-ligands are not known, although progesterone has been suggested to be one of them (7) (8) (9) . Possible sigma-site-mediated drug effects include modulation of glutamate receptor function, neurotransmitter response, neuroprotection, behavior, and cognition (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . Most of these studies implied that sigma-binding sites are plasmalemmal elements of the signal transduction cascade. Drugs reported to be selective sigma-ligands were evaluated as antipsychotics (23) (24) (25) . Due to the lack of structural and functional information, the pharmacological significance of sigma-binding sites remains enigmatic.
The verapamil-like calcium-antagonists azidopamil (a photoligand) and emopamil (an antiischemic drug) are also highaffinity sigma-ligands that were previously employed as specific probes to purify and clone a novel drug-binding membrane protein from liver. This was distinct from the sigma1-binding site, although it showed substantial pharmacological and biochemical similarities with sigma-receptors (26) (27) (28) (29) . Until now, sigmaligand studies suffered from the lack of structural information. To clarify its primary structure, we purified the protein carrying the sigma,-binding site and cloned the corresponding cDNA using reverse transcriptase-PCR and degenerate oligonucleotides. Ex (26) . Binding parameters were calculated by nonlinear curve fitting to a rectangular hyberbola (Kd, Bmax) or the general dose-response equation (IC50, slope factor) (30) . From the IC50-value, the Ki was calculated as described (31) . Protein concentrations were determined according to Bradford (32) , using BSA as a standard.
Purification. All the purification procedures were carried out at 5°C. Guinea pig liver microsomes were prepared as described (28) . After centrifugation for 1 h at 100,000 x g, the Abbreviations: KXHyPO4, K2HPO4/KH2PO4; SKF10,047, norallylmetazocine.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. NaCl, pH 6.5). Binding activity eluting in the flow-through was collected and applied (55 ml/h) to a lysine-Sepharose column (1.5 x 5 cm). Binding activity was eluted with 60 mM NaCl and passed through (110 ml/h) heparin-Sepharose (1.5 x 7 cm) equilibrated with 60 mM NaCl in buffer B. The activitycontaining flow-through was collected and dialyzed overnight (molecular weight cutoff of 6000-8000) against 20 mM KxHyPO4, pH 6.5. The dialysate was applied (300 ml/h) to a spermine-agarose column (1.5 x 4 cm) equilibrated in buffer B. The spermine-agarose flow-through was applied (80 ml/h) to thiopropyl-Sepharose (1 x 4 cm) equilibrated with buffer B. Adsorbed binding activity was step-eluted with buffer B containing 3 mM and 15 mM L-cysteine, respectively. The activitycontaining fraction was passed through (50 ml/h) Green (35) . Glucose-6-phosphatase activity was assayed spectrophotometrically as described (26) . The inactivation of glucose-6-phosphatase yielded a molecular mass of 75 ± 17 kDa (n = 9), which was in agreement with previously reported data (75 and 53 kDa respectively; refs. [36] [37] [38] .
PCR and Molecular Cloning. First strand cDNA was synthesized from guinea pig total RNA with an oligo(dT)primer (first strand cDNA synthesis kit; Pharmacia). The 5 '-GGGGAGACAGT-GGTGCAC-3', was designed based on the center of the 59-bp PCR product and was used with an oligo(dT)primer (5'-AACTGGAAGAATTCGCGGCCGCAGGAAT18-3') to amplify a 1035-bp cDNA from guinea pig liver. This cDNA was used to screen a AGT10 guinea pig liver cDNA library (29) .
Expression in S. cerevisiae. Protein expression in S. cerevisiae strain JB811 was performed as described (29 (Fig. 1A) . Low binding recoveries were obtained from some resins to which crude or partially purified fractions were adsorbed. This was minimized by adding 0.3 mg of phosphatidylcholine per ml to the binding assay, facilitating further purification with reasonable recoveries (see Table 1 ).
In the purified preparation, the (+) separated on SDS/polyacrylamide gels of different acrylamide concentration. The relative migration of the purified protein was analyzed as described (28), yielding an apparent molecular mass of 29.7 ± 0.3 kDa (n = 2). The migration in SDS/PAGE was not affected by the previous reduction of disulfide bonds.
The ligand-binding polypeptide was identified by (-) [3H]azidopamil photolabeling (data not shown) and electroeluted after preparative SDS/PAGE. Partial amino acid sequence information was obtained from tryptic fragments by gas-phase sequencing. To verify that the amino acid sequence of the tryptic peptide SEVFYPGETVVHGPGEATAVEWG originated from the sigma1-binding site, we raised sequence-directed antibodies against a corresponding synthetic peptide (anti-PBP45). These antibodies specifically immunoprecipitated the (-)[3H]azidopamil photolabeled sigmas-binding site (Fig. 1B) . Molecular Cloning of the cDNA. Degenerate PCR primers were designed on the basis of the above sequence and used to amplify a 59-bp fragment. A specific oligonucleotide in conjunction with a poly(T) 3'-oligonucleotide allowed the amplification of a 1035-bp cDNA, which we used to screen a random-primed guinea pig liver cDNA AGT10 library. The open reading frame of a 1857-bp length clone (AGP8) coded for a protein with 223 aa and a calculated molecular mass of 25,314 Da. This was in agreement with the mass determined by radiation inactivation (24 ± 2 kDa) and SDS/PAGE (29.7 ± 0.3 kDa). The amino acid sequence contained the sequences of all tryptic digestion products. Two arginine amino acid residues (underlined) were found in the N terminus (MQ-WAVGRR). This putative amino acid sequence motif could act as an endoplasmic reticulum retention signal (45) , in agreement with the previously reported subcellular localization of the sigma,-binding site (27) . A FASTA search revealed . Amino acid residues differing from the guinea pig sequence are given, whereas identical residues are omitted. Gaps are indicated by the lines. The sequences of the four tryptic peptides determined by gas-phase sequencing are overlined, and the peptide used for antibody generation is marked in bold. A potential transmembrane segment predicted by the hydrophobicity analysis according to Kyte and Doolittle (49) 
Northern blot analysis of total RNA from guinea pig tissues. RNA preparation, electrophoretic separation, blotting, and hybridization with a 1800-bp AGP8 probe were performed as described (29) . Total RNA (10 jig) from the following tissues were analyzed: oesophagus (OE), stomach (ST), jejunum (JE), ileum (IL), colon (CO), liver (LI), spleen (SP), lung (LU), kidney (KI), brain (BR), cerebellum (CE), skeletal muscle (SM), heart (HE), adrenal gland (AG), testis (TE), epididymis (EP), ovary (OV), placenta (PL), and fetus (FE) of 20-day gestation.
amino acid sequence homology with ERG2, a fungal gene encoding sterol isomerases in Magnaporthe grisea, S. cerevisiae and Ustilago maydis (46) (47) (48) . In a 218-aa overlap, these sequences were 30.3% identical and 66.4% similar with the sigma,-binding site (Fig. 2) . This suggests that the protein forming the sigma1-binding site represents the mammalian counterpart of fungal sterol C8-C7 isomerase. This microsomal enzyme, which was not yet purified, shifts the C8 double bond of zymosterol to position C7, an essential step in sterol synthesis (50) (51) (52) (53) (54) . Hydrophobicity plots according to ref. 49 , with a window of 19 aa, predicted one putative transmembrane segment at the N terminus for the sterol isomerases as well as for the sigma,-binding protein (data not shown). This segment may anchor the protein in the membrane, whereas two shorter C-terminal hydrophobic amino acid stretches could be involved in sterol binding (46) . Northern blot analysis of total RNAs isolated from different guinea pig tissues showed that they all expressed an "2000-nt transcript. The tissue distribution of the mRNA was in agreement with its proposed participation in sterol synthesis (55) . Although the mRNA was present in all tissues analyzed, the highest densities were found in liver, kidney, and steroidproducing tissues (Fig. 3 ) such as placenta, ovary, and adrenal gland. The high density of the mRNA in brain could be due to the high cholesterol demand of the developing brain in young animals (56, 57 Proc. Natl. Acad. Sci. USA 93 (1996) of endogenous isomerase activity [strain WAO (a his7-2 leu2-3,112 ura3-52 erg2-3); ref . 47] . In contrast to the overexpressed ERG2, the cloned cDNA did not normalize the spectrophotometric profile of nonsaponifiable sterols extracted from transformed cells, indicating that yeast-like isomerase activity was absent (n = 2; data not shown). Either the mammalian isomerase cannot use fecosterol instead of zymosterol as a substrate, or the fungal enzymes downstream, such as the C24-methylase (ERG6) or the C5-desaturase (ERG3), do not recognize the product generated by the mammalian isomerase, which removes the 7-,3-hydrogen, whereas in fungi the 7-ahydrogen is lost upon isomerization (58, 59 
